periodontitis in clinical research are generally based on these measurements. Periodontitis is an infective disease by many species of periodontal bacteria, 4 
such as Porphyromonas gingivalis (P. gingivalis),
Aggregatibacter actinomycetemcomitans (A. actinomycetemcomitans),
and Prevotella intermedia (P. intermedia). Each bacterium has specific characteristics and induces different host reactions. We demonstrated these bacterial effects on several cardiovascular diseases in animal studies. Infection with P. gingivalis accelerated experimental aortic aneurysm development, although infection with A. actinomycetemcomitans did not promote its progression. 5 Infection with P. gingivalis also accelerated neointimal formation after arterial injury in mice. 6 On the other hand, it was demonstrated that A. actinomycetemcomitans infection deteriorated ventricular remodeling after myocardial infarction 7 and pressure overload-induced myocardial hypertrophy. 8 These findings imply a hypothesis that a specific periodontal pathogen induces or promotes some particular cardiovascular diseases and that other pathogens influence different circulatory disorders.
Epidemiologically, the influence of specific periodontal bacterium on CHD has not been clarified. The purpose of the present study was to evaluate the infection of periodontal bacteria in young, middle, and old age Japanese CHD patients by measuring anti-bacterial antibody and bacterial burden. To our knowledge, this is the first report of a large-scale epidemiological study on the periodontal condition of Japanese patients with CHD.
| MATERIAL S AND ME THODS

| Study population
Subjects were recruited from inpatients admitted to the cardio- 
| Medical examination
A medical history and a physical examination were examined, and the subjects were diagnosed. Information on history of cigarette smoking was obtained by interview. Blood pressure was measured by standard mercury sphygmomanometer in seated subjects.
Systemic hypertension was defined as a systolic blood pressure >140 mmHg and/or diastolic blood pressure >90 mmHg. Peripheral blood samples were collected from the subjects, and each blood sample was centrifuged at 1500 g for 20 minutes. The serum was 
| Periodontal examination
Trained periodontists counted the number of teeth. 
| Bacterial identification
Unstimulated saliva of each subject was obtained. Subgingival 
| Anti-bacterial antibodies
Serum samples were analyzed for IgG antibody against cell surface antigens for the following three suspected periodontal pathogens: P. gingivalis, A. actinomycetemcomitans, and P. intermedia using an enzyme-linked immunosorbent assay (ELISA) as previously described. 11, 12 Briefly, the microtiter plates were coated with suspended whole cells of P. gingivalis ATCC 33277, A. actinomycetemcomitans ATCC 33384, and P. intermedia ATCC 25611. Following an overnight incubation at 4°C, the suspension was replaced with PBS containing 2% BSA, 5% sucrose, and 0.1% NaN 3 to block the reaction, followed by 4-hour incubation at 37°C. The plate was then washed three times with PBS-T (1 × PBS, 0.05% Tween 20, pH 7.2). Aliquots of 1000-fold diluted serum samples and six different concentrations of reference solution were added to each well and incubated for 2 hours at 37°C. The plate was then washed and incubated with a solution containing labeled anti-human IgG for 1 hour at 37°C. The plate was washed again, and 100 μL of substrate was added to each well. The reaction was allowed to develop at room temperature for 30 minutes and stopped by adding 100 μL of 2N sulfuric acid. The absorbance of each well was read using a microplate reader at 450 nm with a 650 nm reference wavelength. Individual serum antibody levels (Units/mL) were calculated from the standard curve obtained from the gradual dilutions of the reference.
| Data analysis
Numerical data were presented as means ± standard error of mean (SEM) except for values particularly described. One-way analysis of variance (ANOVA) was used for all group comparisons, and post hoc 
| RE SULTS
The characteristics of the subjects in this study are shown in Table 1 .
There was no statistical difference of mean age and smoker rate between CHD (YC, MC, and EC) and non-CHD (YN, MN and EN) groups in the same age categories. The patients with CHD had a high rate of diabetes mellitus, hypertension, and dyslipidemia compared to non-CHD patients in all age categories. While serum CRP levels were comparable among the groups, HbA1c levels in CHD groups were increased in all age categories.
Most subjects in this study had oral problems such as periodontitis and dental caries; however, many of them did not pursue any dental treatment. In Figures 1 to 4 , the oral condition of the subjects is shown. Subjects in Groups MN and MC had lost more teeth in comparison to subjects in Group YN (P < 0.05, Figure 1 ). Subjects in Groups EN and EC lost more teeth than subjects in Groups YN, YC, and MN (P < 0.05). The mean PPD of Group YN was the smallest of the six groups ( Figure 2 ). The mean PPD of Groups MC and EC was higher than Group YN (P < 0.05), although the mean PPD of Group YC was not statistically different to Groups MC and EC.
The mean CAL of Group YN was also the smallest of the six groups ( Figure 3 ). The mean CAL of Groups MN, MC, EN, and EC was higher than Group YN (P < 0.05), while the mean CAL of Group YC did not statistically differ from Groups MN, MC, EN, and EC. The BOP positive rate was comparable among the groups (Figure 4 ).
In Figure 5A , P. gingivalis was highly detected in saliva of Group EC compared to Groups YN and YC (P < 0.05). Besides this, there was no statistical difference between the groups. In Figure 5B , P. gingivalis was highly detected in periodontal pocket of Groups
MC, EN, and EC compared to Group YN (P < 0.05). The number of
A. actinomycetemcomitans and P. intermedia was comparable among the six groups (data not shown). In Table 3 , we performed multiple logistic regression analysis to assess whether periodontitis patients with mean PPD of 3 mm or 
| D ISCUSS I ON
Although an anti-bacterial antibody test is traditionally used, 13 The patients were categorized into two groups according to the anti-periodontal bacteria antibody levels: higher than median and lower than median.
The median of bacterial antibodies was 126 units/mL for P. gingivalis, 49 units/mL for A. actinomycetemcomitans, and 383 units/mL for P. intermedia.
smoking and diabetes mellitus. They also said that periodontitis had not been proven as a risk factor of CHD and that more studies were needed to clarify the relationship between the diseases.
In this study, subjects with CHD tended to lose more teeth in comparison to control subjects. Average PPD and CAL of CHD patients also tended to increase compared to non-CHD subjects.
These results support the fact that CHD patients had bad oral and periodontal conditions. Table 3 indicates that patients with deep PPD had a high prevalence of CHD after adjustment with age, while there was no statistical relationship between PPD and CHD after adjustment with several confounding factors for CHD. Age is a major risk indicator for CHD; however, we had to take care that there were also important risk factors such as smoking habit, diabetes mellitus, hypertension, dyslipidemia, and C-reactive protein level. We used PCR method to detect bacterial burden and ELISA to measure immunological reaction of the subjects against periodontal bacteria. While the count of P. gingivalis was comparable between the two groups of the same age categories, many elderly CHD patients had a higher level of anti-P. gingivalis and P. intermedia antibodies. Serum CRP levels were comparable among the groups in this study, while it has already been shown that an elevated CRP level is associated with a high risk of CHD. 16 Because periodontitis is a chronic inflammatory disease, it was suggested that periodontal infection did not heavily influence the serum CRP level at the point of the examination. As many cardiovascular diseases have several risk factors, such as age, smoking, diabetes mellitus, and blood pressure, a cardiovascular event was finally induced because of a mix of these factors.
The association between P. gingivalis and systemic condition has been widely reported. 17, 18 Recently, it was proposed that P. gingivalis could be a keystone pathogen of the disease-provoking periodontal microbiota. 19, 20 According to this theory, P. gingivalis impairs innate immunity in ways that alter the growth and development of the entire biofilm, triggering a destructive change in the normally homeostatic host-microbial interplay in the periodontium. Therefore, P. gingivalis, unlike other bacteria, may play a specific role in inflammatory reaction. A high anti-P. gingivalis antibody level indicates a history of the immunological reaction against P. gingivalis, and the reaction could systemically influence other disorders.
There were some limitations in this study. We did not show precise definition and severity of cardiovascular diseases in non-CHD groups and medication status in each patient, because there were variety of diseases and medication. However, precise information of cardiovascular diseases and medication is important to assess the difference of background in patients. We have already showed data of some cardiovascular diseases such as arrhythmia 21 and peripheral artery disease. 22 Some cardiovascular diseases in non-CHD groups might have an association with periodontal disease.
In conclusion, Japanese CHD patients had poor oral condition and tendency of increased tooth loss. Elderly CHD patients had increased antibody levels against specific periodontal pathogens.
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